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Glossary of terms 


IFG: Inter Frame Gap IPG: 

Inter Packet Gap 

Back-to-Back: Transmit a second frame of data immediately following completion ofthe first frame 
Non Back-to-Back: Transmit a second frame of data not immediately following completion ofthe first 


frame 
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1. General introduction 


10/100/1000M Ethernet MAC is the IP designed for implementing the Ethernet MAC layer protocol in the 
FPGA products of Shenzhen Tongchuang Guoxin Electronics Co., Ltd., through the IP Compiler tool (Hereinafter 
referred to as IPC) instantiate the generated IP module. 


10/100/1000M Ethernet IP is an IP designed according to the IEEE 802.3 2005 standard. The following 
functions are supported: 


> Support 10/100/1000 Mbps Ethernet MAC, 1000 Mbps Ethernet MAC, 10/100 Mbps Ethernet MAC ; 
» Support MII, GMII , RGMII interface ; 

> Support APB management control interface; 

> Provides a simple FIFO Interface to user application; 

> Support internal data frame gap programmable; 

> 10/100Mbps Mode full, half duplex, support 1000M mode full duplex; 

> Support Pause frame flow control; 

> Support automatic filling of short frames; 

> Support jumbo frame can be configured, the maximum configuration value is up to 64k Byte; 
> Support loopback configuration; 

> Supports optional addition of FCS to transmit frames; 

> Supports optional removal of FCS for received frames; 

> Support optional broadcast address, multicast address, unicast address filtering; 

> Supports optional send and receive state statistics vectors. 


This article will describe the interface of 10/100/1000M Ethernet MAC IP, interface timing, IP generation and 
how to use IP. 
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2.10/100/1000M Ethernet MAC Introduction 


(1) Functional Diagram of 10/100/1000M Ethernet MAC 


Rx Data Rx MAC Rx Data 
Function i 


oop Back 


Tx Data Tx Data 


Tx MAC 
Function 


Clock & sun 
Reset Management 


Figure 1 10/100/1000M Ethernet MAC functional map 


(2)10/100/1000M Ethernet MAC Functional Description 


1. MAC sends packet to PHY 


P Register 


Figure 2 send MAC frame data 


During the sending process, the user sends the data to the MAC through the user interface, and encapsulates 
the data in the MAC frame format in the MAC transmitter. Determine whether to fill data with short frames and 
whether to add frame check sequence according to MAC parameter configuration. Data is transmitted to PHY 


through MII/GMII or RGMII interface according to frame interval parameters and MAC interface configuration 
parameters. 


2. MAC receives PHY packet 


Receive 


Figure 3 Receive MAC frame data 
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During the receiving process, the MAC receives the data from the PHY through MII/GMII or RGMII, discards 
the invalid data frame, decomposes the data into the data format required by the user, and removes the frame 
preamble, frame delimiter and frame check sequence (according to the actual After the configuration decides 
whether to remove the frame check sequence), finally the user receives data through the user interface. 


3. APB read and write PHY register 


MII 
Host Management 
Interface 


Figure 4 APB read and write PHY register 


The user reads and writes the PHY register through the APB interface, and the TS MAC IP converts the APB 
interface signal into the MDIO interface signal to read and write the PHY. 


When reading the PHY register, the user writes the PHY address and register address to be read to Register10 
(OAh) through APB, and then writes the lowest bit of Register9 (09h) twice, first write 0, then write 1, so that it 
generates a rising edge . The IP converts this APB operation into an MDIO read to read the PHY, and then waits 
at least 64 mdc cycles for an MDIO read to complete. Finally, the value of Register12 (OCh) is read through APB, 
which is the value of the read PHY register 


When writing the PHY register, the user writes the PHY address and register address to be written to 
Register10 (OAh) through APB, and then writes the data to be written to Register11 (OBh) through APB, and the 
IP will convert it into an MDIO write operation to write PHY. 

APB read PHY register operation steps: 

1. Write Select[2:0] in Register8(08h) MII Mgmt Configuration through the APB interface to select the 
appropriate mdc frequency; 

2. Write PHY Address[4:0] and Register Address[4:0] in Register10(0Ah) MII Mgmt Address through the APB 
interface to select the PHY address and register address to be configured; 

3. Write the lowest bit of Register9(09h) MII Mgmt Command to 0 through the APB interface 

4. Write the lowest bit of Register9(09h) MII Mgmt Command through APB interface 1 

5. Wait for at least 64 mdc cycles (for example, if 011 is selected in step 1, that is, pclk divided by 8, then 64 
mdc cycles are 512 pclk cycles), and wait for the read data to appear on the mdio line. 

6. Read the lower 16 bits of Register12(0Ch) MII Mgmt Status through the APB interface. 

7. If a second read operation is required, repeat steps 276. 
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1 2 3 4 5 6 7 8 9 1 dH 2 B M 1 16 17 18 19 2 21 22 23 2 

pelk FLAEFLEFLEFLAFLAFLALFEFLEFLAEF LALA LEFLE LE LE LE LG 151515151414 
24/0644 mdc/R RA 

paddr[7:0] 00 X 08 X oo X 0A Xoo X 09 X 00 X 09 X ii X oy oc X 


pus LTA FT YA IC) 4 
wk LFL hl hh on Cee 
— ERE A 29 EE em ES NA 


pwdata[31:0 00 X data A 00 X data X 00 X2hoo00 000 00  X2hoo00 oun ,00 C 


prdata[31:0] 


Figure 5 APB read PHY Register Timing 


APB write PHY register operation steps: 

1. Write Select[2:0] in Register8(08h) MII Mgmt Configuration through the APB interface to select the 
appropriate mdc frequency; 

2. Write PHY Address[4:0] and Register Address[4:0] in Register10(0Ah) MII Mgmt Address through the APB 
interface to select the PHY address and register address to be configured; 

3. Write the lower 16 bits of Register11(0Bh) Mil Mgmt Control through the APB interface, and write the 
data into the previously configured PHY address and register address; 

4. If a second write operation is required, at least one cycle of MII Mgmt write operation is required, that is, 
64 mdc cycles (for example, if 011 is selected in step 1, that is, 8-divided pclk, then 64 mdc cycles It is 512 pclk 
cycles) and then repeat the operation of 2^3 steps. 


paddr[7:0] 90 08 00 0A 0 0B 

parite i VERNE VERNE rh \ 
pde eer EE ee ee EE, II TN ) 
penable / \ _/ E E Y N | 


pwdaapio] © X a A 00 X aa X 0 X dm Jj 0X i 


Figure 6 APB write PHY Register Timing 
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4. Reset module design 


rx rst 
— > rx rst|srst rx module 
tx rst 
— I tx rst|srst tx module 
hstrst 
presetn 
hstrst MII 
hstrst|srst mangement 
soft rst srst 
» —> 
apb_port register rst_gen 
tx rst. ——_————_> 
rx sm 


rx rt ———————— 


pgs tsmac core 


rgmii/gmii 
convert 


gmii/rgmii 
convert 


pgs tsmac 


Figure 7 reset box 
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3. Registers introduction 
( 1 ) General introduction to registers 


Table 1 register address map 


No. 
Blk ` 
reset configuration 
2 0x02 | IPG/IFG : Frame interval configuration 


Half-Duplex : Half-duplex parameter configuration 


Ox04 | Maximum Frame Length : Maximum frame length 
configuration 
AA A 


0x08 | MII Mgmt Configuration ` MII Management Module 
Configuration 
9 | 0x09 | MII Mgmt Command : MII read configuration 
OxOA | MII Mgmt Address : PHY Address and Register Address 
Configuration 
MII Mgmt Control : Write to PHY register data 
MII Mgmt Status : read out PHY register data 
MII Mgmtindicators : PHY Status indication 
Interface Status : Interface status indication 


0x10 | Station Address Part1 : destination address comparison 
for receiving packets 


Ox11 | Station Address Part2 : destination address comparison 
for receiving packets 
Address Filter: address filtering configuration 
Destination Address: Destination MAC address 
Destination Address: Destination MAC address 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

0 


2 
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a 
Z 
3 


control frames 
control frames 
truncated frames 
truncated frames 
length errors 
Ox20 | Length Error Count : Statistics on the number of frame 
Dual ae | 
interval errors 
Ox22 | IFG Error Count : Statistics on the number of frame 
one | 
packets 
packets 
packets 
packets 
packets 
packets 
41-255} 0x29- | Reserved 
oer fe 


2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 


4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


3 
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(2 ) Register Details 


Register 0(00h) : MAC Configuration 1 , bit width 32 bits , default 0x0000 0000 


Table 2 Register MAC Configuration1 


31 Soft Reset Soft reset, active high. 0x0 R/W 
Setting to 1 will reset all modules except the APB 
interface, which is reset by the presetn signal 


Heel 1 SN 0 2 


LoopBack Set loopback (see Figure 1), active high. Setting it 0x0 R/W 
to 1 will cause the transmit to loop back to the 
receive, and this bit is 0 in normal mode. 


ee eee ii 


5 Rx Flow Receive flow control enable, active high. If set to 1, 0x0 R/W 
the receiving module will detect and execute the 
flow control frame, and if set to 0, the receiving 
module will ignore the flow control frame. 


Tx Flow Send flow control enable, active high. Set to 1 to 0x0 R/W 
enable the sending module to send flow control 
frames when the user initiates a request, and set to 0 
to prevent the sending module from sending flow 
control frames 


Rx So Receive enable, active high. Set to 1 to allow frame 
data to be received from the PHY, and set to 0 to 
prevent frame data from being received. 


Tx Ss Send enable, active high. Set to 1 to allow frame 
data to be sent from the user side; set to 0 to prevent 
frame data from being sent, IP will not output the 
tsmac_tpnd send packet need signal. 


Register 1(01h) : MAC Configuration 2 : Bit width 32 bits , default OxX0000 7000 


Table 3 Register MAC Configuration2 


15:12 Preamble Length[3:0] |Preamble length setting. Legal values are 0x3 - 
0x15 
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MAC Interface type selection 
: reserved 
Interface Mode[1:0] : Nibble Mode(10/100Mbps MIT) 
: Byte Mode(1000 Mbps GMII/RGMIT) 0x0 R/W 
: reserved 


Jumbo frame enabled, active high. Set to 1 to 
allow sending and receiving frames longer than| 
MAXIMUM FRAME LENGTH; 
Set to 0 to limit the length of the frame to less 
than MAXIMUMFRAME LENGTH. Huge 
Frame is 0 when sending jumbo frames, the 
data will be truncated to MAXIMUM FRAME 
Huge Frame LENGTH and sent; Huge Frame is 0 when 0x0 R/W 
receiving jumbo frames, data will be discarded 
Note: When the jumbo frame function is 
enabled, you need to set the appropriate 
Address Width parameter in the configuration 
interface. For details, please refer to the 
configuration instructions in Chapter 4, Sectio 
(2) 


Frame stuffing, CRC addition control signal, 
and CRC Enable control the addition of CRC. 
Pad/CRC CRC Enable 
0 0 : reserved 
0 1: add CRC when sending data 
Pad/CRC 1 x : when the frame length is less than 64bytes 0x0 R/W 
When the short frame is short, the frame is 
filled first and then the CRC is attached. When 
the frame length is greater than 64bytes, the 
CRC is directly attached. 


https://innek.ru/ 


Frame length check is enabled, high valid. Set 
to 1 to check the length field of the frame to 
ensure that it matches the actual data length. 
Set this bit to 0 if length checking is not 
desired. If the length verification is enabled 
during transmission, the lengthfield of the 
transmitted frame and the actual data length 
will be verified. The verification result can be 
4 Length Check checked by sending the statistical vector 
tsmac tsv[21]. Regardless of whether the 0x0 R/W 
verification 1s successful, the data will be sent 
out in an Ethernet frame. . If the length check 
1s enabled when receiving, the check result can 
be viewed through the receiving statistics 
vector tsmac rs v[21] , and the frame will be 
discarded if the check fails. 
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CRC add enable, cooperate with Pad/CRC to 
control CRC add 
Pad/CRC CRC Enable 
0 0 : reserved 
0 1: add CRC when sending data 

1 CRC Enable 1 x : when the frame length is less than 64bytes 
When the short frame is short, first fill the 
frame and then attach the CRC. When the 
frame length is greater than 64bytes, directly 
attach the CRC 


Full-duplex enable, set to 1 for full-duplex 
Full Duplex mode, set to 0 for half-duplex mode 0x0 R/W 


Register 2(02h) : IPG/IFG , bit width 32 bits , default Ox4060. 5060 


Table 4 Register IPG/IFG 


Refer to IEEE 802.3/4.2.3.2.1 Deference ", 
this configurable part represents the optional 
CarrierSense window, in half-duplex mode, 
after detecting the carrier within 1 Slot Time, 
the MAC rolls back; 1 Slot Time After the 

Slot Time[6:0] carrier is still detected, the MAC will wait for 0x40 
the Late Collision Time before sending. This 
ensures fair medium access. The allowed 
range of this value is from 0x0 to the Late 
Collision Time. The default value 1s 0x40 
(64d) which means 2/3 guidance value. 


Late Collision Time parameter configuration, 
this configurable part represents the bit time o 
Late Collision the IPG, the default value is 0x60, which 
Time[6:0] means the minimum 96bits IPG 


Minimum IFG parameter configuration The 
default value is 0x50 80d means half of the 


standard IFG. If the frame's IFGInter Frame 
Minimum IFG Gap is less than the configured value, the 
Enforcement[7:0]  |frame is dropped. The standard IFG should be 
160bit time, which includes 96bits IPG 56bits 
premable and 8bits SFD. 
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IPG parameter configuration in full duplex 
mode. The legal minimum value for sending 
and receiving in 10/100M mode is 0x18, and 


Inter-Packet-Gap [6:0] the legal minimum value for sending and 
receiving in 1000M mode is 0x40. Default is 
0x60 


Register 3(03h) : Half-Duplex , bit width 32 bits , default OxXO0A1 F037 


Table 5 Register Half- Duplex 


Alternate BEB 
23:20 Binary Exponential Backoff Limit 
Truncation 


Ba 

Limit Active Enable 

EN 
collision is detected 

Eg 


RO 
RO 
R/W 
R/W 
R/W 
R/W 
R/W 
RO 
R/W 


No BackOff Resend as soon as collision is detected 
Excessive fallback enable 


Retransmission 
15:12 Maximum number of retransmissions 
Max [3:0] 


Collision 
Window[9:0] conflict window time 


Register 4(04h) : Maximum Frame Length , bit width 32 bits , default OxX0000 0600 


Table 6 Register Maximum Frame Length 


Bt BEER ER 
W 


0x0600 (1536d) 


Maximum Indicates the maximum frame length that can 
Frame[15:0] be sent and received, the default value is 0x0600 R/ 


Register 8(08h) : MII Mgmt Configuration , bit width 32 bits , default 0x0000 0000 


Table 7 Register MII Mgmt Configuration 
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Reset MII management module 0x0 R/W 


Setting it to 1 will cause the MII Mgmt to 
increment by 1 each time it sets up Scan Cycl 
to read the address space of the PHY 
consecutively. The starting PHY address starts 

5 Scan Auto EE with the address in MII Mgmt Address OAh ) 
and the next PHY address will increment by 1 . 
The last PHY address will remain at 0x31 and 
then return to the address in MII Mgmt 
Address 0Ah ). Default value is 0 


31 
c Mi 20 MRNA 
:0 


The MII interface manages the clock, and the 
MDC is obtained by setting the frequency 
division factor. MDC clock up to 8.3MHz, typ. 
2.5MHz 
: 2 Crossover APB clock 
Mgmt Clock : 4 Crossover APB clock 
2 Select[2:0] : 6 Crossover APB clock 
: 8 Crossover APB clock 
: 10 Crossover APB clock 
: 14 Crossover APB clock 
: 20 Crossover APB clock 
: 28 Crossover APB clock 


Register 9(09h) : MII Mgmt Command, bit width 32 bits bits , default OxX0000 0000 


Table 8 Register MII Mgmt Command 


| u 
l 


Setting to 1 will cause the MII Mgmt to 

Scan Cycle perform sequential reads. For example, for 
monitoring Link Fail 

Read Cycle The rising edge indicates that MII Mgmt 0 
performs a read operation, and the read data is 
returned to Register 12 MII Mgmt Read Data ), 
the default value is 0 


Register 10(0Ah) : MII Mgmt Address , bit width 32 bits bits , default OxX0000 0000 


Table 9 Register MII Mgmt Address 
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12:8 PHY Address[4:0] |5-bit PHY address used in Mgmt cycles. 


Dë 
Dc Me BEER 
Register Address[4:0] |5-bit register address, used in Mgmt cycles. 


Register 11(0Bh) : MII Mgmt Control, bit width 32 bits , default OxX0000 0000 


Table 10 Register MII Mgmt Control 


ee Ce Ce 
" 
Table 11 Register MII Mgmt Status 


The 16bits of data written are written as one 

MII Mgmt write cycle along with the PHY 

Control[15:0] address and register address previously 0 

configured in Register 10. 

Register 12(OCh) : MII Mgmt Status , bit width 32 bits , default 0x0000 0000 
Luo 

PHY chip register value read out with one MII 
15:0 PHY Status [15:0] |Mgmt read cycle 0x0 R/W 


Register 13(0Dh) : MII Mgmtlndicators , bit width 32 bits , default OxX0000 0000 


Table 12 Register MII MgmtlIndicators 


Returns "1" to indicate that the first MII Mgmt 
Read cycle of the Scan operation is not 
complete 
Returns "1" to indicate that a Scan operation 
Scan (sequential MII Mgmt read operation) is in 0x0 
progress 
Returns "1" to indicate that the MII 
Busy management interface is performing a read or 0x0 R 
write operation 


Register 15(0Fh) : Interface Status , bit width 32 bits bits , default OxX0000 0000 


RO 
RO 
RO 

O 


Table 13 Registerlnterface Status 
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RAR BEER El 


Link Fail When it reads 1, it indicates that the value of 0x0 

the PHY link fail register read by the MII 
Management module is 1. When 0 is read, it 
indicates that the value of the PHY link fail 
register read by the MII Management module is 

3 0. Note that for asynchronous APB operation, RO 
this bit must be read at least once every Scan 
Cycle to read the PHY. 


prc» 


Register 16(10h) : Station Address Part1 , bit width 32 bits bits , default 0x0000 0000 


Table 14 E Station Address Part1 


Dre wer eme pom pum 
ATT CONO 


Register 17(11h): Station Address Part2 , bit width 32 bits bits , default OxX0000 0000 


Table 15 Register Station Address Part2 


SATA TEE 


Register 18(12h) : Address Filter : bit width 32 bits , default OxX0000 0080 


Table 16 Register Address Filter 


Receive remove CRC enable, active high. Set 
to 1 to remove the CRC data of the last four 
bytes of the received packet, the default value 
is 0. 


Broadcast packet address filtering is enabled, 
high effective. Set to 1 to discard received 
broadcast packets, the default value is 0 . 
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Unicast packet address filtering is enabled, 0x0 
high effective. Set to 1 to discard received 

unicast packets with a different destination 

address than the configured Local MAC 

Address. The default value is 0. 


Multicast packet address filtering enable, high 
effective. Set to 1 to discard received multicast 
packets, the default value is 0. 


| destination address hash 0x080 


Register 19(13h) : Local MAC Address Low, bit width 32 bits bits , default 0x0000 0000 


Table 17 Register Local MAC Address 


local MAC Address No. 4 bytes 


Register 20(14h) : Local MAC Address High : Bit width 32 bits, default OxX0000 0000 


Table 18 Register Local MAC Address 


Register 21(15h) : Crc Error Count Low : Bit width 32 bits , default OxX0000 0000 


Table 19 register Crc Error Count 


crc err cnt[31:0] CRC error packet number low 32 bits 


Register 22(16h) : Crc Error Count High : Bit width 32 bits , default OxX0000 0000 


Table 20 register Crc Error Count 


crc err cnt[63:32] CRC error packet number high 32 bits 


Register 23(17h) : Packet Count Low : Bit width 32 bits , default OxX0000 0000 
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Table 21 Register Packet Count 


packet cnt [31:0] The number of received packets low 32 bits 


Register 24(18h) : Packet Count High : Bit width 32 bits , default OxX0000 0000 


Table 22 Register Packet Count 


packet cnt[63:32] | Received packet number statistics high 32 bits 


Register 25(19h) : Address Error Count Low : Bit width 32 bits, default OxX0000 0000 


Table 23 Register Address Error Count 


31:0 addr err cnt [31:0] | The lower 32 bits of the statistics of the number 0x0 RO 
of address error packets 


Register 26(1Ah) : Address Error Count High : Bit width 32 bits, default 0x0000_0000 


Table 24 Register Address Error Count 


31:0 addr err cnt [63:32] |The high 32 bits of the statistics of the number o 0x0 RO 
address error packets 


Register 27(1Bh) : Pause Control Count Low : Bit width 32 bits , default OxX0000 0000 


Table 25 Register Pause Control Count 


Pause ctr cnt [31:0] Pause Control frame count stats low 32 bit 


Register 28(1Ch) : Pause Control Count High : Bit width 32 bits , default OxX0000 0000 


Table 26 Register Pause Control Count 


Pause ctr cnt [63:32] | Pause Control frame count statistics high 32 bit 


Register 29(1Dh) : Frame Truncation Count Low : Bit width 32 bits , default OxX0000 0000 


Table 27 Register Frame Truncation Count 


frame trc ent [31:0] Truncated frame count stats low 32 bit 


Register 30(1Eh) : Frame Truncation Count High : Bit width 32 bits , default OxX0000 0000 
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Table 28 Register Frame Truncation Count 


frame trc cnt [63:32] Truncated frame count high 32 bit 


Register 31(1Fh) : Length Error Count Low : Bit width 32 bits , default OxX0000 0000 


Table 29 Register Length Error Count 


len err cnt [31:0] Length check error packet number low 32 bits 


Register 32(20h) : Length Error Count High : Bit width 32 bits , default 0x0000 0000 


Table 30 Register Length Error Count 


F | F BERG Name IEEE NE Default Value 
ar len err ent [63:32] Length check error packet number high 32 bits AS e o 


Register 33(21h) : IFG Error Count Low : Bit width 32 bits , default 0x0000 0000 


Table 31 registerlFG Error Count 


ifg sma cnt [31:0] IFG error packet count low 32 bits 


Register 34(22h) : IFG Error Count High : Bit width 32 bits , default 0x0000 0000 


Table 32 registerlFG Error Count 


ifg sma cnt [63:32] IFG error packet count high 32 bits 


Register 35(23h) : Broadcast Count Low : Bit width 32 bits , default OxX0000 0000 


Table 33 Register Broadcast Count 


bcad cnt [31:0] The number of broadcast packets low 32 bits 


Register 36(24h) : Broadcast Count High : Bit width 32 bits , default OxX0000 0000 


Table 34 Register Broadcast Count 


bcad ent [63:32] The number of broadcast packets high 32 bits 


Register 37(25h) : Unitcast Count Low : Bit width 32 bits , default OxX0000 0000 
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Table 35 Register Unitcast Count 


ucad cnt [31:0] Number of unicast packets low 32 bit 


Register 38(26h) : Unitcast Count High : Bit width 32 bits , default OxX0000 0000 


Table 36 Register Unitcast Count 


ucad ent [63:32] Number of unicast packets high 32 bits 


Register 39(27h) : Multicast Count Low : Bit width 32 bits, default 0x0000 0000 


Table 37 Register Multicast Count 


mcad cnt [31:0] The number of multicast packets low 32 bits 


Register 40(28h) : Multicast Count High : Bit width 32 bits , default OxX0000 0000 


Table 38 Register Multicast Count 


mcad ent [63:32] Number of multicast packets high 32 bits 
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4. Module description 


(1) Interface description 


1. I/O block diagram 


TS MAC 
tsmac tdata[7:0] tx clki 
tsmac tstart ix rst 
Tramsmit —tsmac tlast — 
Te txd[7:0] 
tx en 
tsmac tcrq tx er 
tsmac cfpt 7 GMII 
tsmac thdf rx. clia 
Control tsmac tprt d 
tsmac tpar rxceni 
tsmac txcf rxd[7-0] 
tsmac tcdr rx dv 
tsmac tsv[51:0] IX er 
tsmac rsv[32:0] crs 
col 
tsmac rdata[7:0] 
Receive  'smac rvahd — 
tsmac rlast mdi MII MGMT 
mdo 
presetn j 
pclk 
pselx 
App ` Pr 
penable 
paddr[7-0] 
pwdata[31:0] 
prdata[31:0] 
speed = 


Figure 8 10/100/1000M Ethernet MAC IP I/O block diagram 


The IO on the left side of the block diagram is the signal connected to the user-side logic, and the right side 
is the signal output to the PHY, that is, the signal that needs to be output to the FPGA I/O pins. See the list below 
for specific signal descriptions. 
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2. I/O Pin List Description 


Table 39 10/100/1000M Ethernet MAC MII/GMII Interface list 


Send clock, the clock frequency is 125M, 25M, 2.5M 
tx rst Send direction reset signal, in the same clock domain as the 
sending clock, active hi 
txceni input Send clock enable signal, when Serdes mode is selected, this 
signal enables tx cl, see Figure 26 for details 
The sender transmits data, MII/GMII/RGMII multiplexing: 
GMII : 8bit valid data width; 


RGMII: low 4bit effective data width; 
MII: Low 4bit effective data bit width 


tx_en output The sender transmits valid signals, in high-effective RGMII 
mode, multiplexed as tx_ctrl 


tx_er output Transmitter transmits error signal, active high is only 

applicable to MII/GMII 
input Receive clock, the clock frequency is 125M , 25M , 2.5M 

IX rst input Receive direction reset signal, in the same clock domain as 
the receive clock, active high 

rxceni input Receive clock enable signal. When Serdes mode is selected, 
this signal enables r x clki clki, see Figure 26 for details 
Receiver receives data MI/GMII/RGMII multiplexing 
GMII : 8bit valid data width; 


RGMII: low 4bit effective data width; 
MII: Low 4bit effective data bit width 


The receiving end receives the valid data signal. In the high- 
effective RGMII mode, it is multiplexed as rx ctrl 


Receiver receives error signal, active high is only applicable 
to MII/GMII 
Receiver collision detection signal, active high 

crs Receiver carrier sense signal, high effective 


Send clock switch select signal: 
1 : Indicates 1000M mode; 


0 : means 10/100M mode . 


Table 40 10/100/1000M Ethernet MAC MII List of management interfaces 
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mdc output MII Interface management module clock, the 
frequency is less than 8.3MHz 
MII Interface Management Module Data Input 


enable, active high 
Table 41 10/100/1000M Ethernet MAC APB Interface list 


Table 42 10/100/1000M Ethernet MAC Send data frame interface list 


Port name Input / Description 
Output 
tsmac tdata[7:0] 8bit from user side data 


tsmac tstart input Sending a packet start signal, indicating that the 
user side is waiting for a sending frame to be sent 

tsmac tlast input Sending the end of the packet signal, indicating 
that the user side sends the last byte of the frame 


tsmac tpnd output Sending packets requires data, indicating that the 
MAC needs data from the user side 


tsmac tsv[51:0] Transmit Statistics Vector Indicates the 
characteristics of the last transmitted frame, see 
Table 45 for details 


tsmac tsvp Send statistics vector pulse, MAC indicates that 
statistics vector on tsmac tsv[51:0] is valid 
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tsmac tprt Sending a packet retransmission MAC indicates 
that a conflict has been sent, and the data frame 
needs to be retransmitted 


tsmac tpar Abort preparation for sending packet, MAC 


indicates that sending frame is aborted, ready to 
send the next frame 


Transmit half-duplex flow control 


Table 43 10/100/1000M Ethernet MAC flow control frame interface list 


Output 
Send control frame, MAC Indicates that a flow 
control frame is being sent 
tsmac tcdr output Ready to send the control frame, MAC indicates 
that the flow control frame is sent or ready to send 
tsmac tcrq input Send control frame request, user request to send 
MO ei E 
= 
control parameters of the flow control frame 


Table 44 10/100/1000M Ethernet MAC receive data frame interface list 


Port name Input / Description 
Output 
tsmac_rdata[7:0] output Receive packet data, user side 8 bits of received frame 
data 


tsmac rvalid output Received packet data Valid MAC indicates that the 
current 8-bit data on tsmac rdata[7:0] is valid 


tsmac rlast output Receive packet end MAC indicates that the current 8-bit 
data is the last byte of a frame 


tsmac rsv[32:0] Receive Statistics Vector, MAC Indicates the 
characteristics of the currently received frame, see the 
table 46 for details 
tsmac rsvp Receive statistics vector pulse, active high MAC 
indicates that new statistics vector on tsmac rsv[32:0] is 
valid 


Table 45 Send statistics vector tsmac tsv[51:0] 


Bit(s) Description 
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Transmit VLAN Tagged Frame: The length/type part of the frame contains the 
VLAN protocol identifier 0x8100 


am ` Backpressure Applied 


Transmit Pause Control Frame: send Pause control frame 
Transmit Control Frame: send control frame 
Total Bytes Transmitted on Wire: The total number of bytes of the currently 
47:32 : i na 
sent packet, including the conflicting bytes 
Reserved 


Transmit Giant : The number of bytes of the frame is greater than MAXIMUM 
FRAME parameter 


Transmit Maximum Collisions: Packet aborts after the number of collisions 
exceeds RETRANSMISSON MAXIMUM 


Transmit Excessive Defer: Packet fallback in excess of 6071 nibble-times in 
100 Mbps mode or 24,287 bit-times in 10 Mbps mode 


Transmit Length Out of Range : indicates the Type/Length of the frame part 
greater than 1500 bytes 


Transmit Length Check Error: Indicates that the value of the length field of the 


frame does not match the actual number of data bytes of the packet and is not a 
Type Field 


Transmit CRC Error: CRC of the packet and the internally generated CRC 
Mismatch 


Transmit Collision Count:Bits 19 through 16 are the collision count on 

19:16 ; : ; 
anysuccessfully transmitted packet and as such will not show the possible 
maximum count of 16 collisions 


1 Transmit Byte Count: The total number of bytes of the frame, excluding 
collision bytes. 


51 
50 
49 
48 
31 

30 
29 
28 
27 
26 
25 
24 
23 

22 
21 

20 
5:0 


Table 46 Receive statistics vector tsmac rsv[32:0] 


Description 


Receive Frame Truncated 


Receive Long Event 


https://innek.ru/ Titan Series 10/100/1000M Ethernet MAC IP Core 


29/ 50 


o) CP P Lé 
D VA 4. Module description 


Receive VLAN Tag Detected: Frame's length/type field contained 0x8100 which is 
the VLAN Protocol Identifier 

Receive Unsupported Op-code: Current Frame was recognized as a Control frame by 
the PEMCS, but it contained an Unknown Op-code. Customer may wish to qualify 
with inverse of CRCERR (-RSV[20]), and with length (64 — 1518) to verify that the 
frame was a valid Control Frame. 

Receive Pause Control Frame: Current frame was recognized as a Control frame 
containing a valid PAUSE Frame Op-code and a valid address. Customer may wish 
to qualify with inverse of CRCERR (-RSV[20]), and with length (64 — 1518) to verify 
that the frame was a valid Control Frame. 

Receive Control Frame: Current Frame was recognized as a Control frame for having 
a valid Type-Length designation. Customer may wish to qualify with inverse of 
CRCERR (-RSV[20]) and with length (64 — 1518) to verify that the frame was a 
valid Control Frame.) 

Receive Dribble Nibble: Indicates that after the end of the packet an additional 1 to 7 

bits were received. A single nibble, called the dribble nibble, is formed but not sent to 


the system (10/100 Mbps only) 


Receive Broadcast: Packet's destination address contained the broadcast address 
Receive Multicast: Packet's destination address contained a multicast address 
Receive OK: Frame contained a valid CRC and did not have a code error 


Receive Length Out of Range: Indicates that frame's Length was larger than 1518bytes 
but smaller than the Host's Maximum Frame Length Value (Type Field) 


Receive Length Check Error: Indicates that frame length field value in the packet 
does not match the actual data byte length and is not a Type Field 


Receive CRC Error: The packet's CRC did not match the internally generated CRC 


Receive Code Error: One or more nibbles were signaled as errors during the 


reception ofthe packet 
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Receive False Carrier: Indicates that at some time since the last receive statistics 
vector, a false carrier was detected, noted and reported with this the next receive 
statistics. The false carrier is not associated with this packet. False carrier is activity 
on the receive channel that does not result in a packet receive attempt being made. 


Defined to be RX_ER = 1, RX DV = 0, RXD[3:0] = 0xE (RXD[7:0] = 0x0E) 


Receive RX_DV Event: Indicates that the last receive event seen was not long 


enough to be a valid packet 
Receive Previous Packet Dropped: Indicates that since the last RSV a packet was 


dropped (ie IFG too small) 


15:0 Receive Byte Count: Total bytes in receive frame not counting collided bytes 


3. Timing Model 


In the 1000M mode, the MAC uses the GMII interface to connect with the PHY, and in the 10/100M mode, 
the MAC uses the MII interface to connect with the PHY. 


3.1 1000M GMII Normal send timing 


1. When sending a frame, first pull the tsmac_tstart signal high 
2. Pull tsmac_tstart low when tsmac_tpnd is detected to be pulled high for three cycles 
3. Send the first data tsmac_tdata[7:0] while tsmac_tpnd is pulled high for the third cycle. 


4. When the last data is sent, tsmac_tlast is pulled high for one cycle, and the transmission of one frame 
ends. IP adds preamble and SFD to the front of the user data, and then adds FCS to send it together. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 


Figure 9 1000M GMII Normal send timing chart 
3.2 1000M GMII user provides FCS sending timing 


1. Pull up the tsmac tstart signal first when sending a frame 
2. Pull tsmac tstart low when tsmac tpnd is detected to be pulled high for three cycles 
3. Send the first data tsmac tdata[7:0] while tsmac tpnd is pulled high for the third cycle. 


4. When the last data is sent, tsmac tlast is pulled high for one cycle, and the transmission of one frame 
ends. In this mode, the FCS is provided by the user side, so the IP only adds preamble and SFD in front of the 
user data and sends it out. 

System 


2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 
tx cho 


tsmac tstart LA Ý L N 


2: DOENE AF 
a ët beta SA danke — DATA e n 


tsmac tlast 

GMII 

txd[7:0] (DO OO OCOCXEOCEDEXE3 al 
me DA viii acta i b= e DATA — —»l——rFcs-— 


Figure 10 1000M GMII User providedFCS Timing diagram 
3.3 1000M GMII Back-to-Back Transmission Timing 
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1. When sending a Back-to-Back frame, start sending a new frame in the second cycle after the end of the 
previous frame, and pull tsmac tstart high 


2. Other transmission timings are the same as normal frames. 


3. The interval between GMII sending data is controlled by the IPG value of Reg2 


System 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
tx clki 
tsmac tstart | 
TH 
tsmac tpnd | 


tsmac tdata[7:0] | 


tsmac tlast E 3 


GMII 
tx en 
txd[7:0] 
FCS IPG i] DA 
tx_er 


Figure 11 1000M GMII send Back-to-Back Frame Timing Diagram 
3.4 1000M RGMII normal transmission timing 


1. Pull up the tsmac_tstart signal first when sending a frame 
2. Pull tsmac_tstart low when tsmac_tpnd is detected to be pulled high for three cycles 
3. Send the first data tsmac_tdata[7:0] while tsmac_tpnd is pulled high for the third cycle. 


4. When the last data is sent, tsmac_tlast is pulled high for one cycle, and the transmission of one frame 
ends. IP adds preamble and SFD to the front of user data, and then adds FCS to send it together. 
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System 
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¢ 
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Figure 12 1000M RGMII Normal transmission timing chart starts 
System 
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Figure 13 1000M RGMII End of normal transmission timing chart 


3.5 1000M RGMII user provides FCS transmission timing 
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1. Pull up the tsmac tstart signal first when sending a frame 

2. Pull tsmac tstart low when tsmac tpnd is detected to be pulled high for three cycles 

3. Send the first data tsmac tdata[7:0] while tsmac tpnd is pulled high for the third cycle. 

4. When the last data is sent, tsmac tlast is pulled high for one cycle, and the transmission of one frame 
ends. In this mode, FCS is provided by the user side, so the IP only adds preamble and SFD in front of the user 
data and sends it out. 


2 s 4 5 6 7 H El 10 11 i12 13 ECT 18 16 17 18 19 22 21 E? 23 24 25 26 27 23 29 x» 31 sx ss EI) 3 36 y 
tx clki 


tsmac_tstart — | /7 7) | dee | 
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DA SA 


Figure 14 1000M RGMII User provided FCS Timing diagram 


3.6 10/100M MII normal sending timing 


1. Pull up the tsmac tstart signal first when sending a frame 

2. Pull tsmac tstart low when tsmac tpnd is detected to be pulled high for two cycles 

3. Send the first data tsmac tdata[7:0] while tsmac tpnd is pulled high for the third cycle. 

4. When the last data is sent, tsmac tlast is pulled high for one cycle, and the transmission of one frame 
ends. IP adds preamble and SFD to the front of user data, and then adds FCS to send it together. 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 


tx clki 


tsmac tdata[7:0] 
tsmac tlast 
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Figure 15 10/100M MII Normal transmission timing starts 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 


tsmac tstart 
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Figure 16 10/100M MII End of normal transmission sequence 


3.7 10/100M MII User provides FCS Send timing 


1. When sending a frame, first pull the tsmac tstart signal high 
2. Pull tsmac tstart low when tsmac tpnd is detected to be pulled high for two cycles 
3. Send the first data tsmac tdata[7:0] while tsmac tpnd is pulled high for the third cycle. 


4. When the last data is sent, tsmac tlast is pulled high for one cycle, and the transmission of one frame 


ends. In this mode, FCS is provided by the user side, so the IP only adds preamble and SFD in front of the user 
data and sends it out. 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 
tx_clki PLEA Le at LE LALELELELELELELELELELELELELELELELE LI 
tsmac tstart A if | A 

4 cycle 
tsmac tpnd FAY MY NY MXN Y NN / NYS NY MN Y N /N/ N/ N/ N/N 
tsmac tdata[7:0] — US DOX DIX D2X psX D4X psX SOX SIX s2X S3X sAX ssX | 
, DA ia SA 

tsmac_tlast 
tx_en dÉ A 


Do[3;0] D1[3:0] De[3:0] D3[3;0] D4[3:0] Ds[5:0] 


txd[7:0] IEE93X05X05Y05X05X05X05X05X05X05X05X05X05X05)05)05 XO f 


"€ D0[7:4] D1[7:4] D2[7:4] D3[7:4] D4[7:4] D5[7:4] 
k DA 
Figure 17 10/100M MII User Provides FCS Send Sequence Start 
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9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 


JEJEJE NET EJE ET Egeo E IE AE ENE, 


5 7 8 
JEJEJE: 


1 
tx clki tl 


tsmac tstart 


co ANA LALALA N cu 


tsmac_tdata[7:0] DO X DI X || XD3 DA X F0 CECR CP" 
|, DATA FCS 


tsmac tlast 


"m Do[3:0] D1[3:0] D3[3:0] D4[3:0] FO[3:0] F1[3:0] F2[3:0] F3[3:0] M 
Uh Ud 3 > > “> "rt "E 

Are EE e 

wa Do[7:4] D1[7:4] D3[7:4] D4[7:4] HO[7:4] F1[7:4] F2[7:4] F3[7:4] 


Figure 18 10/100M Mode MII User Provides FCS Sending Sequence End 
3.8 1000M GMII Receive timing 


1. The PHY sends a frame of data to the MAC through the GMII interface 
2. The MAC starts to output a frame of data tsmac_rdata[7:0] and pulls up the tsmac_rvalid signal. 


3. For the last data, the MAC pulls down tsmac_rvalid and pulls up tsmac_rlast for one cycle. 


. 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 
rx. clki ALFLF LF LF ULE LEU PLAS LS See La Ss Ls 
Ix. dv / jj RM 
1xd[7:0] ENS O A WD ND DS NS SS NN OC OC. OC OC XEXEDXE(E3 

A DA ii SA L/T DATA FCS 
IX er 
tsmac rvalid / N 
tsmac. rdata[7:0] D9DIXD3D30403(SO SJ SXS3GAXSSXLOCLIC XC XC] 9COC eeneg 
DA SA. L/T, DATA FCS 


tsmac rlast | 
Figure 19 1000M GMII Receive timing diagram 
3.9 10/100M MII Receive timing 


1. The PHY sends a frame of data to the MAC through the GMII interface 
2. The MAC starts to output a frame of data tsmac rdata[7:0] and pulls up the tsmac rvalid signal. 


3. For the last data, the MAC pulls down tsmac rvalid and pulls up tsmac rlast for one cycle. 
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10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 


rx_clki FELELELELELELRLRLELELELELELELELELELELELELELELELELELELELELELEL 
IX. dv LY 
rxd[7:0] E0 5X05X03X05X05X05X05X05X05X05X05X 05X 05X05X05X0dY 


Do[3:0] DA[3;0] Do[3:0] D3[3:0] D4[3: 101 Dot 


ELE 


DN :4] vir 4] pip :4] vir 4] pi! :4] Dip: ] 


IX er 


tsmac rvalid y 


tsmac rdata[7:0] (DODI(D2D3D4XD3X | i 
aug c ate! SA 


tsmac rlast 


Figure 20 10/100M MII Receive Timing Diagram Start 


1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 


IX. clki 
SES D0[3:0] D1[3:0] D2[3:0] D3[3:0] F0[3:0] F1[3:0] F2[3:0] F3[3:0] 
rxd[7:0] 
4 
qu 
p c 


tsmac rlast 


Figure 21 End of 10/100M MII receiving sequence diagram 
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3.10 APB Write operation timing 


Tl T2 T3 T4 
pelk | |__| |__| |_| |_| 
paddr[7:0] Lee address 
pwrite / 


pselx / A 
penable / N 
»waupro] NENEENEENC au AAA 


Figure 22 APB write operation timing 


3.11 APB read operation timing 


Tl T2 T3 T4 


pelk EE NN | 
paddr[7:0] | A address 
pwrite A 
pselx / \ eS 
penable yo Ro NI i 3 
prdata[31:0] 


Figure 23 APB read operation timing 


3.12 MDIO write operation timing 


12 3 4 5 6 7 8 9 #10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 


Z l 1 |1 [1 [0 |1, 10 |1, | P4| P3 P2/P1/PO RA R3, R2 RI RO} 1 |0 |D15D14D13D12 D11D10 D9 D8 D7 D6 DS D4 D3 D2| D1| DOZ 


PHYAD REGAD TA 16 bit WRITE DATA 


Figure 24 MDIO write operation timing 
3.13 MDIO read operation timing 


1 2 3 4 5 6 7 8 9 10 11 2 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 


32 bits 


Z l 1 |1 |1, 10 (1 |1 [0_|P4| P3| P2: PII PORA R3 R2 RI RO Z |0 |D1$ D14D13D12 D11D10 D9 D8 D7 D6 DS D4 D3 D2 D1| DOZ 
PRE 


IDLE ST OP PHYAD REGAD TA 16 bit READ DATA 


Figure 25 MDIO read operation timing 
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de Una 


3.14 Clock Enable Signal Behavior 


vase clock o 
25MHz Clock Enable ZA y N ZA Y MX 

— Cop TCS FCS SC SED 

Output Data X DoC XD1X X D2X X D3X 


Figure 26 Clock Enable Behavior 


(2) Module instantiation 


1. Select IP 


Open the IPC software, enter the IP selection interface, as shown in the figure below, select the 
10/100/1000M Ethernet MAC in the System/Ethernet directory, and then set the path to instantiate this IP on 
the Project Path of the Configuration page on the right, and set the Instance Name. Select the device type. 


(3 IP Compiler - [10/100/1000M Ethernet MAC, Version 1.0] Co lele 
File View Project Help 
QORX ROA 
La i 
Catalog | Project || 
|| Project Path Browse... 
SES > (Browse... | 
4 a Module Instance Name 
4 Memory IP 
4 ( Distributed RAM 
o Name 10/100/1000M Ethernet MAC 
ZS Distributed FIFO 
dE Distributed ROM Version 1.0 
TE Distributed Shift Register Gens [EC REGIS 
$$ Distributed Simple Dual Port RAM 
ZE Distributed Single Port RAM Part 
4 Gorm 
fii DRM Based Dual Port RAM SE 
$ DRM Based FIFO Device 
fif DRM Based ROM Package  [WBBGA48: Y 
ZS DRM Based Simple DUAL Port RAM 
HE DRM Based Single Port RAM | Speed Grade 
4 @ Multiplier | 
ultipliy-Accumulator i 
Multipliy-A l Customize 
ultiply-; ler 
Multiply-Add | 
$ Simple Multiplier 
4 pu 
it Pango PLL 
4 System 
4 Œ Ethernet | ———— 
$ 10/100/1000M Ethernet MAC Configuration Information 
+ E Tools Message 8x 
4 E Debug Find < > E Case Sensitive | STEI 
ik DebugCore - 
Initializing ... a 
Soo Hub Loaded | devices. 
Loaded 17 IP models. 
Imported T project instances. 
Refreshing.. 
Loaded 17 IP models. sz 
Updated T project instances. 7 
Refreshing. .. 
[el m t | [Loaded 17 IP models 
View e [remm = Updated 7 project instances. 


Ready 


Figure 27 Select 10/100/1000M Ethernet MAC IP interface 


2. IP Parameter setting 


After the IP selection is completed, click Customize to enter the 10/100/1000M Ethernet MAC IP parameter 
setting interface, as shown in the figure below, the Symbol on the left is the interface block diagram, and the 


right is the parameter configuration window: 
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(3 customize IP [Preview] am) 
aa i 
Configure 
| Symbol Bx 
10/100/1000M Ethernet MAC 1.1 
[7] Serdes Mode Enable 
Serdes Mode |GE ag 
Speed Type |10/100/1000M MAC v 
m Interface MII/GMII v 
tsmac tdata[7:0] rx clki 
tsmac tstart A = E 
— rx_rst Address Width 11 z) [11:16] 
tsmac_tlast (Optional internal FIFO buffers,depth from 64 bytes to 64 Kbytes) 
tx clki 
tsmac tpnd E [E] STATISTICS ENABLE 
tsmac tcrq tx rst CRS ENABLE 
tsmac cfpt ees 
tsmac thdf 
col 
tsmac tprt 
tsmac tpar vk en 
tsmac txcf txd [7:0] 
tsmac tcdr tx er 
tsmac rdata[7:0] 
: rx dv 
tsmac rvalid = 
tsmac_rlast SEO? 
presetn rx er 
pelk mdi 
pselx 
E mde 
pwrite 
penable mdo 
paddr[7:0] mdoen 
pwdata [31:0] épad 
prdata[31:0] 
SYN 


Ready 


Figure 28 Configure 10/100/1000M Ethernet MAC IP parameter interface 


3. Generate IP 


https://innek.ru/ 


After the parameter configuration is complete, click the Di Generate | button in the upper left corner to generate 
IP . A 10/100/1000M Ethernet MAC IP can be generated corresponding to the user-specific settings. The 
information report interface of IP generation is shown in the following figure: 
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p = = 
] 
G Customize IP - [tsmac 1] ENEGE "| 
Di Generate "RM 
Configure | Log 
Save Log.. al [+ 
Starting: D:\pango\PDS_2016.1\syn\bin6é4\mbin\synbatch.exe ^ 
Install: D:\pango\PDS_2016.1\syn 
Hostname: TC00355 
Date: Tue Apr 12 17:47:37 2016 
Version: K-2015.09P-SP1 
Arguments: -product synplify pro -batch E:/temp_test/tsmac_1/syn/syn.prj 


ProductType: synplify pro 

License checkout: synplifypro pango 

License: synplifypro pango from server 192.29.200.21 

Licensed Vendor: pango 

Running in Vendor Mode 

Implementation not found: rev 1 

log file: "E:\temp_test\tsmac_1\syn\tsmac_1.srr" 

Running: syn in foreground 

Running syn|syn 

Running: compile (Compile) on synlsyn 

Running: compile flow (Compile Process) on syn|syn 

Running: compiler (Compile Input) on syn|syn 

Copied E:\temp_test\tsmac_1\syn\synwork\tsmac_1_comp.srs to E:\temp_test\tsmac_1\syn\tsmac_1l.srs 
compiler Completed 

Return Code: 0 

Run Time:0h:00m:05s 

Running: multi srs gen (Multi-srs Generator) on syn|syn 

Copied E:\temp_test\tsmac_1\syn\synwork\tsmac_1 comp.srs to E:\temp_test\tsmac_1\syn\synwork\tsmac_1_s.srs 
multi srs gen Completed 

Return Code: 0 

Run Time:0h:00m:00s 

Copied E:\temp_test\tsmac_1\syn\synwork\tsmac_1_mult.srs to E:\temp_test\tsmac_1\syn\tsmac_1.srs 
Copied E:\temp_test\tsmac_1\syn\tsmac_1.srr to E:\temp_test\tsmac_1\syn\syn.log 

Complete: Compile Process on synlsyn 

Running: premap (Pre-mapping) on syn|syn 

Copied E:\temp_test\tsmac_1\syn\tsmac_l.sap to E:\temp_test\tsmac_1\syn\synwork\tsmac_1_s.sap 
premap Completed with warnings 

Return Code: 1 

Run Time:0h:00m:02s 

Complete: Compile on syn|syn 

Running: map (Map) on synlsyn 

License granted for 4 parallel jobs 

Running: fpga mapper (Map & Optimize) on syn|syn 

Copied E:\temp_test\tsmac_1\syn\synwork\tsmac_1_m.srm to E:\temp_test\tsmac_1\syn\tsmac_1.srm 
fpga mapper Completed with warnings 

Return Code: 1 

Run Time:0h:00m:22s 

Complete: Map on syn|syn 


m. 


Copied E:\temp_test\tsmac_1\syn\tsmac_1.srr to E:\temp_test\tsmac_1\syn\syn.log 
Complete: Logic Synthesis on syn|syn 

exit status=0 

exit status=0 

License checkin: synplifypro_pango 

Generate the result file list ... 

Done: 0 error(s), 0 warning(s) 


Done SYN 


Figure 29 10/100/1000M Ethernet MAC IP Generate report interface 


After the IP is successfully generated, the following files will be output under the project path specified in 
step 1): 


e «instance name».v Top-level .v file for the generated IP 
e «instance name».vm Post-synthesis output .vm file for IP generated 


The RTL file of the generated IP is divided into two parts: plaintext and non-plaintext, and the encrypted file 
is divided into encryption for Synplify synthesis and encryption for ModelSim. 


RTL output in «project path»/rtl: 
e project path»/rtl/ .v The plaintext RTL file of the generated IP 


«project path»/rtl/synplify/*.vp The non-clear text RTL file of the IP generated, this file can only be used for 
Synplify Synthesis Note : * vpAll.vp file in *.vp file includes other *.vp files content, selecting this file is 
equivalent to selecting all other *.vp files; users can choose to use them according to their usage habits, but 
they cannot be selected at the same time, otherwise an error will be reported. The * vpAll.vp file is used by 
default in the IP instantiated project file. The simulation library file is output in «project path»/sim lib 
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e «project path»/sim modelsim //**.vp The non-plaintext RTL file of the IP generated, this file can only 
be used for ModelSim simulation 


Note: The * simvpAll.vp file contains the contents of other * sim.vp files. Selecting this file is equivalent to 
selecting all other * sim.vp files; users can choose to use them according to their own habits, but they cannot 
be used at the same time. Otherwise, an error will be reported. The * simvpAll.vp file is used by default in the 
IP instantiated project file 


«project path»/sim outputs the simulation files for the generated IP: 


e «project path»/ model sim //**.dgn List of .v files required for ModelSim simulation of the generated 
Example Design 


e «project path»/ modelsim //**.do The do file for ModelSim simulation of the generated Example 
Design 


The Example Design output corresponding to the generated IP is at «instance name»/example design: 
e «instance name»/example design/tsmac exam top.v Top file of Example Design 
e instance name»/example design/tsmac exam top tb.v TestBench file of Example Design 


Synthesis reports are output in «project path»/syn by default. If the user does not specify a synthesis tool, 
«instance name».vm and «project path»/syn will not be generated 


Place and route project files are output at «project path»/pnr: 

e «project path»/pn r/core_only/<instance_name>.prj Project file of IP core generated 

e «project path»/pnr/core only/«instance name».fdc Constraint file of IP core generated 
e «project path»/pnr/example design/«instance name».prj Project file of Example Design 


e «project path»/pnr/example design/«instance name».fdc The constraint file of Example Design 
generated 


4. Configuration instructions 


The 10/100/1000M Ethernet MAC parameter setting interface is shown in Figure 12, which is located in the 
10/100/1000M Ethernet MAC window on the right. When page 10/100/1000M Ethernet MAC is selected, 
please refer to the table below for related parameter settings. 


Table 47 10/100/1000M Ethernet MAC parameter description 


Parameter name Description 
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Serdes Mode 

By default, Speed Type can be selected from three modes: 

10/100/1000M MAC, 1000M MAC, and 10/100M MAC. The 

default is 10/100/1000M MAC. 10/100/1000M MAC is full rate 
Speed Type support, 

1000M MAC only supports 1000M 10/100M MAC only supports 

10/100M mode. 

When Speed Type is 10/100M MAC mode, Interface is fixed in 

MII/GMII mode. 


T Interface can choose MII/GMII and RGMII model. Default is 
MII/GMII . 


Users can choose FIFO according to their needs address width. The 
range is 11:16 between, the default value is 11 . Maximum support 
64K Bytes . 

Note: If the jumbo frame function is enabled, the address width 


EES Widen must match the length of the jumbo frame sent. 


For example: the longest jumbo frame sent is 48K Byte , this 

parameter needs to be configured as 16 . 

Status statistics enable signal, the default value is disabled. When 

selected, output tsmac rsv[31:0] , tsmac rsvp, tsmac tsv[51:0] , 
STATISTICS ENABLE tsmac tsvp , when not selected, do not output these 

Signal. 


(3) Run the simulation 


Use IPC software to generate IP core, and generate corresponding simulation files under the project path 
«project . Find the do file for Model Sim simulation in the «project path»/sim/modelsim folder. Run the 
simulation steps: 


1. Open the ModelSim software 
2. Enter cd («project path»/sim/ModelSim] in the command command window of ModelSim software 


3. Do tsmac exam top sim.do 


(4 ) Synthesis and Place and Route 


Use the IPC software to generate the IP core, and generate the corresponding project file under the project 
path «project .There are two project files core only and example design in the «project path»/pnr folder. The 
core only folder stores the project files of the IP core, and the example design folder stores the Example Design 
project files. 


IP Core Synthesis and Place and Route Steps: 


1. Open the PDS software 
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2. Open the IP core project file «project path»/pnr/core only/«instance name».prj in the PDS software 

3. For detailed steps of synthesis and placement and routing, see Sections 4.3 and 4.6 of the PDS User Manual 
Synthesis and place-and-route steps for a typical application design: 

1. Open the PDS software 

2. Open the IP core project file «project path»/example design/«instance name».prj in the pds software 


3. For detailed steps of synthesis and placement and routing, see Sections 4.3 and 4.6 of the PDS User Manual 
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5. Typical application scheme 


This section mainly introduces the typical application scheme based on 10/100/1000M Ethernet MAC IP core 
for PGT30G. The appliance supports the five modes in Table 48. 


Table 48 Typical Application Mode 


Serdes Mode Enable Serdes Mode Speed Type 


10/100/1000M MAC 
10/100/1000M MAC 


Note: X- means the parameter is invalid . 


( 1) 1000M MAC send and receive 


Serdes Mode Enable Serdes Mode Speed Type 


In 1000M MAC mode, the basic parameters of MAC sending and receiving data are configured as: 


1. RegisterO: MAC Configuration 1, Rx Enable is set to 1, Tx Enable is set to 1; that is, MAC Configuration 
1is set to 32'h0000 0005; 

2. Register) : MAC Configuration 2, Preamble Length set to 8'h7, Full Duplex set to 1; I/F 

Mode[1:0] is set to 10; Pad/CRC is set to 1. That is, MAC Configuration 2 is set to 32'h0000 7205; 


Clock design in 1000M mode. In 1000M mode, the transmit clock gtxclk is provided to the PHY by system clk 


125M | system clk 
m 


gtxclk _ elk 
PHY MAC 
IX. ck p> | rx clk 


Figure 30 Clock strategy in 1000M mode 


(2) 10/100M MAC send and receive 
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Serdes Mode Enable Serdes Mode Speed Type 


In 10/100M_MAC mode, the basic parameters of MAC sending and receiving data are configured as: 


1. RegisterO: MAC Configuration1, Rx Enable is set to 1, Tx Enable is set to 1, that is, MAC Configuration1 is 
set to 32'h0000 0005; 


2. Register MAC Configuration 2: Preamble Length is set to 8'h7, Full Duplex is set to 1; I/F Mode[1:0] is set 
to 01; Pad/CRC is set to 1. That is, MAC Configuration 2 is set to 32'h0000 7105; 


3. Set the PHY to 10/100M mode. 


10/100M clock design. In 10/100M mode, the transmit clock tx clk is provided by the PHY to the MAC. 


-— 2.5/25M > tx clk 
PHY MAC 
rx clk Ix clk 


Figure 31 10/100M Transmit Clock Policy in Mode 


(3)10/100/1000 MAC send and receive 


Serdes Mode Enable Serdes Mode Speed Type 


For the configuration of basic MAC parameters in 10/100/1000M MAC mode, refer to the parameter 
configuration in 1000M and 10/100M modes. 


10/100/1000M clock design. 

system clk : system clock 125MHz 

tx clk : PHY chip output, 2.5MHz in 10M mode and 25MHz in 100M mode. 

gtxclk: The clock input by system clk to PHY in 1000M mode 

In 1000M mode, system clk provides clock to PHY, and in 10/100M mode, PHY chip provides clock to MAC. 


speed: Mode control signal. O means 10/100M mode, 1 means 1000M mode 
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system clk 


gtxclk 


tx. clk 


PHY 


IX. clk 


5. Typical application scheme 


mux clk 
125M Sp. = 
« We tx clk 
— speed 
2.5/25M 
MAC 
We rx_clk 


Figure 32 10/100/1000M tx_clk in mode clock design 
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6. Example Design 


This section mainly introduces the 10/100/1000M based Ethernet MAC IP kernel example Design. This 
application solution realizes that the MAC receives data and then stores it in the FIFO , and reads the data from 
the FIFO and forwards it out through the MAC . Realize the data input and data output of MII/GMII , RGMII 
interface. 


(1) Features 


The design supports the following modes: 


Table 49 Typical Application Mode 


Serdes Mode Enable Serdes Mode Speed Type 


Note: X- means the parameter is invalid . 


(2 ) Design block diagram 


The block diagram of the example design system is shown in the figure: 


example design 


125M N 
PLL > 
2.5M/25M LA 
Tx Data 
» 
Tx Data g 
Lal DR BIL testbench 
prefetch 
fifo Rx Data MAC 
~ Ja: Rx Data 
ra 
config reg APB—>| 


Figure 33 Example Design System Block Diagram 
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7. Design considerations 


i. RGMII, taking the connection between PGT30G and PHY chip B50610 as an example, the transmit clock and data 
output by PGT30G meet the timing requirements of PHY chip, and do not need to be adjusted. After the receiving clock 
and data enter the FPGA, the data cannot be received correctly due to the delay. Phase modulation can be performed 
in the PGT30G chip with a PLL. 


The receiving clock uses pll 
dynamic phase modulation, 
when the dynamic phase 
modulation input is 100, 101, 
110, it can be received correctly 


rx. Ok ) P L L , 


RGMII 


Figure 34 RGMII Clock Phase Shift Block Diagram 


Startpoint : rxd 0 (port) 
Endpoint : IOL 61 2.DPI.DPI IN (U ETH 1000 RGMII/pgs tsmac rgmii gmii convert l/pgs tsmac rgmii to gmii l/igddrl/gateop IOL/PADI) 
Path Group : rx clki 


Path Type : min 
Path Class : sequential timing path 
Point Incr Path 


Clock rx clki (rising edge) 0.000 0.000 
Input external delay 0.000 0.000 £ 
(port) 0.000 0.000 £ 
IOB LB 62 2/PAD (hier) 0.000 0.000 £ 
IOB LB 62 2.INBUFLB.IN (rxd 0 ibuf/opit 5) 0.000 0.000 £ 
IOB LB 62 2.INBUFLB.O (rxd 0 ibuf/opit 5/0) 1.239 1.239 f 
IOL 61 2.DPI.DPI IN (U ETH 1000 RGMII/pgs tsmac rgmii gmii convert 1l/pgs tsmac rgmii to gmii l/igddrl/gateop IOL/PADI) 
0.000 1.239 f 
Data arrival time 1.239 
Clock rx clki (rising edge) 0.000 0.000 
Clock network delay (propagated) 4.202 4.202 
IOL 61 2.IDDR.SYSCLK 4.202 r 
Hold time 0.054 4.256 
Data required time 4.256 
Data required time 4.256 
Data arrival time -1.239 
Slack (VIOLATED) -3.017 


Figure 35 RGMII timing 


8. Contacts 


KoHTaKTHI JIA TeXHHHeCKHX H KOMMepuecKHx BOIIDOCOB 
OOO «MH3K» 
r. Cankr-IIerep6ypr, yt. A6JO4KOBa, 71. 20, utep A, od. 504 


contact@innek.ru 
+7 (812) 200-40-37 
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